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This study was conducted to assess the antidotal prospect of Garcinia kola seeds extract in
restoring the activity of inhibited Acetylcholinesterase. This was done by inducing Clarias
gariepinus with the enzyme inhibitor (glyphosate pesticide formulation). The fish divided
into six groups were exposed different treatments; the pesticide alone, the G. kola seed
extract alone and different mixture of the pesticide and G. kola seeds extract. AChE ac-
tivities in the brain, liver and serum of the fish were measured in the experimental and
control fish on day 7, 14, 21 and 28th by the colorimetric method. The enzyme was
significantly (p < 0.05) inhibited in the glyphosate formulation test alone and in group IV
treatment (0.16 mg/L glyphosate formulation with 150 mg/L of extract). The inhibition
percentages of AChE ranged for the brain, liver and serum between 40.7e59.4%, 50e57%
and 27.5e51.3%, respectively. The AChE activities were however, recovered in G. kola seeds
extract treated aquaria, and were dose, time dependent and organ specific. Modifications of
this enzyme may leads to increased perspiration, increased salivation, tearing, blurred
vision, abdominal cramping, diarrhea, and if severe enough, death from respiratory
depression. This investigation had revealed the therapeutic significance of G. kola seeds
extract, by stabilizing the enzyme activity in the investigated fish. Further investigation is
required to measure the concentrations of acetylcholine at cholinergic synaptic junction in
fish and mammals induced with ant-cholinesterase agent and the possibility of its resto-
ration using G. kola seeds.
Copyright 2014, Beni-Suef University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Acetylcholinesterase (AChE) is one of many important en-
zymes needed for the proper functioning of the nervous.
i-Suef University.
ity. Production and hostisystems of humans, fish and insects (Carlock et al., 1999;
Ezemonye and Ikpesu, 2012). The enzyme catalyzes the hy-
drolysis of acetylcholine to choline and acetyl CoA, which are
reabsorbed and used as raw materials for the continued
acetylcholine production. Its inhibition results in a buildup ofng by Elsevier B.V. All rights reserved.
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excessive stimulation of the nerve/muscle fibers without
control until spasm, paralysis, convulsion and death
(Galloway and Handy, 2003).
The enzyme activity can be easily disrupted by contami-
nants such as organophosphate and carbamate pesticides.
These pesticides disrupt nerve impulse transmission in the
central and peripheral nervous system by inhibiting AChE,
located at neuromuscular junctions and in plasma or hae-
molymph ofmammalian red blood cells (Galloway andHandy,
2003).
Manny refined drugs have been successfully used in
restoring the enzyme activity; however using plant products
such as Garcinia kola has not been seriously investigated.
Medicinal plants play a key role in the slowing of many
pathogenesis and neurodegenerative disorders such as Alz-
heimer and dementia (Rehman, 1995; Dai et al., 2006). Gal-
antamine, an Amaryllidaceae alkaloid obtained from
Galanthus nivaliswas used traditionally in Bulgaria and Turkey
for the treatments of neurological conditions (Lopez et al.,
2002). The lycopodium alkaloid huperzine related to the qui-
nolizidines, is a potent, yet reversible, inhibitor of AChE and is
used in China for treating patients with myasthenia gravis
(Lopez et al., 2002). Similarly, Oligomer viniferin from Caragana
chamlague, has also been identified as reversible and non-
competitive inhibitor of AChE (Da-Yuan et al., 1996). Daily
consumption of fresh vegetable reported in delaying of
cognitive decline in older age (Letenneur et al., 2007). Benefi-
cial effects of thesemetabolites are proposed to associatewith
potentiating of antioxidant defenses, which is linked to
normal aging and neurodegenerative diseases (Morris et al.,
2006). Similarly, Arnica montana roots which contain de-
rivatives of thymol, are used as fungicide and preservatives
and have anti-inflammatory effect (Weremczuk -Jezyna et al.,
2006) and when usedtopically in agel at 50% concentration,
the plant was found to have the same effect when compared
to a 5%ibuprofen gel for treating the symptoms of hand
osteoarthritis (Braga et al., 2006).
G. kola is a medicinal plant that provided raw material for
innovative, useful and promising antidote to environmental
glyphosate and other xenobiotics in fish and other aquatics
contamination (Ikpesu et al., 2014). The plant which belong to
the family Guttiferaceae (Heckel and Schlagdenhauffen, 1884)
is known to contain high content of bioflavonoid compounds
(Iwu, 1986) with a general anecdotal effect in folk medicine in
Africa (Adaramoye et al.,2005). Its constituents include- Fla-
vinoids (bioflavonoid), xanthenes and benzophenones and
have shown anti-inflammatory, ant parasitic, antimicrobial,
antiviral properties (Iwu et al., 1987). Food does not affect the
metabolism of G. kola and may buffer effects of mild indi-
gestion (Iwu, 1986). The kola is primarily carried bound to
albumin in the blood and only a minor amount is metabo-
lized by hepatic metabolism (Iwalewa et al., 2005). It is safe
taken with or without other foods. Taking it an hour before or
after meals may help to increase the absorption of the key
ingredients (Iwalewa et al., 2005). In this investigation, I study
the AChE activities in the brain, liver and serum of C. gar-
iepinus induced with glyphosate formulation. The fish was
chosen for this investigation because of the great geograph-
ical distribution of the fish throughout the world (Idodo,2003), while the pesticide is one of the main inhibitor of
AChE.
Sub-lethal effects of pesticides on AChE activity in C. gar-
iepinus and other aquatic organisms have been extensively
studied. However, the possibility of restoring the enzyme ac-
tivity has not been seriously investigated. Therefore, the ob-
jectives of this investigation are; (i) to determine the activities
of the enzyme in the brain, liver and the serum of C. gariepinus
induced with glyphosate formulation, an anti-cholinesterase
agent and (ii) to determine the therapeutic of G. kola seeds
extract in restoration of the inhibited AChE activities in the
fish's tissues.2. Materials and methods
2.1. Chemical analysis
Glyphosate (99.5% purity) and methanol (analytical grade) for
high-performance liquid chromatography (HPLC) were ob-
tained fromChemical Service (West Chester, PA, USA). Na2SO4
(99% purity), petroleum ether (analytical grade), acetonitrile
(analytical grade), Ethyl 3-aminobenzoate methanesulfonate
salt (SigmaeAldrich,USA. High purity pesticide grade solvents
(hexane, dichloromethane and the surrogate standard solu-
tion) were obtained from Merck (Darmstadt, Germany), heli-
um (purity 99.999%) by Messer Technogas (Czech Republic)
and Bovine serum albumin (BSA) used for the determination
of protein quantity was purchased from Sigma Chemical
Company St Louis, MO, USA.
2.2. Equipment
Equipment included heparinized syringe, glassware, Cecil
HPLC system comprised of CE 1200 high performance variable
wavelengthmonitor and CEII00 liquid chromatography pump,
high-resolution gas chromatography (HRGC), UV detector
with variable wavelength and stainless steel column (C18
Reverse phase) packed with Octasilica, vacuum pump, and
ultrasonic check.
Test Organisms:One hundred and fifty healthy juveniles of
C. gariepinus of mean weight (30.00 þ 0.13 g) and length
(13.09 þ 0.2 cm) from fresh water environment were collected
from a private farm (Patiby Agro Industrial Enterprise) from
Erawa Owhe, Delta State, Nigeria. Fish were examined for any
pathological symptoms and acclimatized to laboratory con-
ditions in holding glass tanks containing deionized water for
two weeks before they were used for the experiments. The
holding tanks were aerated with the help of air pump, cleaned
andwater renewed daily. Fish were fed on 30% protein pellets,
unconsumed feed and faecal wastes were removed and water
replenished regularly as recommended by Oyelese and
Faturoti (1995).
Collection and preparation of plant extracts: Matured G.
kola seeds were obtained from a private farm at Walode, Osun
State Nigeria. Brown coated seeds were manually removed
from the pod and air dried for five days. The dried brown coat
was hand peeled, and the seeds cut into pieces and re-dried at
room temperature (22 þ 0.15)oC for three months (Onunkwo
et al., 2004). The seeds sample were grounded using Nakai
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hundred gram (100 g) of the powdered G. kolawas spiked with
a solution of surrogate standard (d8-naphthalene, d10-
acenaphthene, d12-chrysene and d12-perylene) and extrac-
ted with a mixture of dichloromethane and n e hexane in a
ratio 2: 3, after subjected to a vigorous shaking in a sonication
bath for 5 h. The solvent was separated, concentrated using a
rotatory evaporator and eluted with methanol. The elute was
transferred into an open 250 ml conical flask in a placid
environment for 48 h to evaporate the methanol.
2.3. Experimental design
The concentrations of glyphosate formulation for the test
were prepared from the stock solution via serial dilution.
Stock solution, test water concentrations and G. kola seed
extract concentration were verified by Cecil HPLC system
comprised of CE 1200 high performance variable wavelength
monitor and CEII00 liquid chromatography pump and high-
resolution gas chromatography (HRGC), using a Hew-
lettePackard 5890 capillary gas chromatograph (Hew-
lettePackard, Avondale, PA, USA) equipped with an electron
capture detector (HewlettePackard).
2.4. Acute test
The 96 h LC50 of glyphosate formulation for C. gariepinus was
conducted according to Organization for Economic Coopera-
tion and Development (OECD) Guideline No. 203 for static-
renewal test conditions (OECD, 1992). Fifteen glass aquaria
were used for this test, with three replicates per treatments.
Each aquarium contains different concentrations of the toxi-
cant. All experiments were conducted at room temperature
and the tanks were properly aerated. Fish were not fed during
the experiment (Reish and Oshida, 1986). Thirty minutes after
the preparation of test solution, five juveniles were carefully
placed into each tank with their replicate tanks of five
different concentrations including the control (0.00, 0.50, 1.50,
2.50 and 3.50 mg/L). Seventy-five percent of the test solution
was renewed each day and aerated with the aid of air pump.
Fish and water quality parameters (pH, temperature, Dis-
solved Oxygen (DO), turbidity, alkalinity and total hardness) of
the test solution were determined at 24 h interval, using
standard methods. Cumulative fish mortality was recorded at
24-, 48-, 72-, and 96-h time intervals and the LC50s of each
period calculated using the lethal computer by Finney (1971).
Experiment lasted for 96 h for the different concentrations of
the pesticide.
2.5. Chronic test
The chronic test was conducted under OECD test guideline 407
(OECD, 1997a). The 96 h LC50 of glyphosate formulation for C.
gariepinus was 2.8 mg/L, evaluated by Probit method (Finney,
1971). One-tenth of the LC50 value was selected as a sub-
lethal dose. The fish were divided into six groups comprising
five -fish each and treated as stated below;
The 1st group was given distilled water as contained in the
experimental dosesThe 2nd group was treated with 0.16 mg/L glyphosate
formulation only
The 3rd group was treated with 350 mg/L of extract of G.
kola seeds
The 4th group was treated with 0.16 mg/L glyphosate
formulation with 150 mg/L of extract of G. kola seeds
The 5th group: was treated with 0.16 mg/L glyphosate
formulation with 250 mg/L of extract of G. kola seeds
The 6th group: was treated with 0.16 mg/L glyphosate
formulation with 350 mg/L of extract of G. kola seeds
Eighteen glass aquaria were used with 3 replicates per
treatments. The water quality parameters (pH, Temperature,
DO, Turbidity, Alkalinity, and Hardness) of the test solution
were monitored throughout the duration of the experiment.
Samples were collected on day 7, 14, 21 and 28th. After each
stipulated time, fish were removed from aquaria, decapitated
and blood samples taken by puncturing the caudal vessels with
a 20-gauge needle and aspirating 0.2e0.4 ml sample of mixed
arterial and venous blood into a heparinized syringe, a tech-
nique shown to minimize dilution by tissue fluids (Onunkwo
et al., 2004). Blood samples were collected in small vials, left
to clot and then centrifuged at 3000 rpm for 10 min to obtain
serum that was frozen at80 C. Brains and livers tissues were
isolated through dissection and homogenate in cold 0.15 M Kcl
solution using homogenizer. Tissue homogenates were centri-
fuged at 15,000 rpm for 10 min and used for the enzyme assay.
2.6. AChE assay
The activities of AChE was measured in the supernatant using
commercial kit produced by Bohringer Mannhim as based on
Ellmanspectrophotometricassayprocedure (Ellmanetal., 1961)
adapted for micro plates as described by Handy et al. (2003)
using acetylthiocholine iodide as a substrate. Fifty micro liters
(50 ml) of the samples in phosphate buffer (pH 7.4) was reacted
with 150 ml of DTNB (3 mM) and acetylthiocholine iodide
(15 mM). The mixture was incubated at 25 C for 15 min in
microtitre plates and the absorbance measured spectrophoto-
metrically at 412 nm. Enzymatic activities were expressed as
units of activity (u) per mg of protein. Each unit of activity cor-
responded to 1 nmol of substrate hydrolyzed per minute.
2.7. Statistical analysis
Data were analyzed using the Minitab Statistical Computing
System (Ryan et al., 1981), SAS (SAS institute Inc, 1985), SPSS
version 14.0 (Chicago IL, USA) and Microsoft Excel 2007
(Roselle, IL, USA) were used for the statistical and graphical
valuations. The least significant difference (LSD) was deter-
mined using post hoc testing for inter group comparisons at a
probability level of 0.05% and 0.01%.3. Results
3.1. Physicochemical properties of the test media
Thewater quality parameters (pH, temperature, DO, turbidity,
alkalinity and hardness) monitored during the exposure
Table 1 e Concentrations of physiochemical parameters of the test media (acute test) of C. gariepinus exposed to different
concentrations of glyphosate formulation.
Parameters pH Temp (

C) DO (mg/l) Turbidity(mg/L) Alkalinity (mg/L) Hardness (mg/L)
Con (mg/L) Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD
0.000 7.22 ± 0.02 25.67 ± 0.16 8.10 ± 0.22 0.23 ± 0.04 17.40 ± 0.72 31.23 ± 1.15
0.50 7.36 ± 0.16 25.00 ± 0.30 8.12 ± 0.19 0.23 ± 0.06 17.63 ± 0.42 31.33 ± 1.15
1.50 7.25 ± 0.10 26.33 ± 0.68 8.30 ± 0.31 0.24 ± 0.02 18.40 ± 0.36 31.20 ± 1.02
2.50 7.12 ± 0.25 26.00 ± 1.20 8.03 ± 0.22 0.25 ± 0.04 17.13 ± 1.20 30.60 ± 0.50
3.50 7.12 ± 0.20 26.33 ± 0.48 8.16 ± 0.02 0.26 ± 0.03 18.23 ± 0.12 30.60 ± 0.16
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different between various treatments and the control and
within different treatments (p > 0.05). Water temperature
remained between 25.00 ± 0.30 and 26.33 ± 0.68 C; pH be-
tween 6.82 ± 1.11 and 7.36 ± 0.16, alkalinity 17.00 ± 1.20
and18.40 ± 0.30, harness; 30.00 ± 0.21 and 31.40 ± 1.10,
turbidity 0.20 ± 0.02 and 0.26 ± 0.03 and the rate of DOwas kept
between 7.90 ± 0.12 and 8.16 ± 0.02, with the help of an air
pump (Tables 1 and 2).
3.2. Acute toxicity
Mortality increased with increasing concentrations of glyph-
osate formulation in the treated fish. No death was recorded
in the control group during this study. Abnormal behaviors
such as erratic swimming, coughing, increased movement,
physical disorientation, partial jerking, Whip-like behavior, a
comparatively longer span in respiratory deficiency or
discomfort in fish were observed in induced fish. At the
highest concentration, the fish were sluggish and remained at
the bottom calmly, which was apparent on the last day of the
bioassay test. The 96 h of LC50 value for C. gariepinus was
2.8 mg/L. Mean percentage mortality of the fish was signifi-
cantly affected by the pesticide (p < 0.05).
3.3. Chronic toxicity
Brain: The activities of AChE in the brain of C. gariepinus
exposed to different concentration of glyphosate formulation,
G. kola seeds extract, andmixture glyphosate formulation andTable 2 e Concentrations of physiochemical parameters of the
of glyphosate formulation and G. kola seeds extract.
Parameters pH Temp (

C) DO (mg/l)
Groups Mean ± SD Mean ± SD Mean ± SD
1 6.82 ± 0.10 24.78 ± 0.20 7.90 ± 0.12
2 7.06 ± 0.12 25.20 ± 0.20 8.00 ± 0.10
3 6.85 ± 0.11 25.30 ± 0.20 8.00 ± 0.20
4 7.02 ± 0.15 26.30 ± 0.25 7.93 ± 0.04
5 7.00 ± 0.16 25.83 ± 0.30 8.20 ± 0.14
6 6.90 ± 0.12 26.00 ± 0.10 7.90 ± 0.10
Group 1: De-chlorinated water only.
Group 2: 0.16 mg/L glyphosate formulation only.
Group 3: 350 mg/L of extract of G. kola seeds.
Group 4: 0.16 mg/L glyphosate formulation and 150 mg/L G. kola seeds ex
Group 5: 0.16 mg/L glyphosate formulation and 250 mg/L G. kola seeds ex
Group 6: 0.16 mg/L glyphosate formulation and 350 mg/L G. kola seeds exG. kola seeds extract is shown in Fig. 1, with further illustration
in Appendix 1. The inhibition was significant (0 < 0.05) be-
tween the control and the glyphosate formulation treatments
alone and between the control and the group 4 treatments.
The percentage inhibition increases with increased with
exposure duration. While in G. kola seeds extract treatments
alone, the enzyme activities was comparable with the control
and was not significant (p > 0.05) (Fig. 1). The activities of the
enzyme in G. kola treatments groups (5e6) revealed dose and
time dependent recovery and was restored on day 14th
Liver: The AChE activity in the fish's liver exposed to
different treatments is shown in Fig. 2 with further illustration
in Appendix 1. The inhibition varies significantly (p < 0.05)
between the control and glyphosate formulation treatments
alone and between the control and group 4 treatments. The
highest and the lowest percentage inhibition in glyphosate
formulation treatments were 57.2% and 43.8% and was
recorded on day 7th and 28th respectively. The activities of the
AChE in G. kola treatments 5th and 6th were restored on day
28th, no effects was recorded in G. kola seeds extract treat-
ments alone.
Serum: The activity of AChE in the serum of C. gariepinus
subjected to various treatments of glypohosate formulation
and G. kola seed extract is shown in Fig. 3, with further illus-
tration in Appendix 1.The inhibition varies significantly
(0 < 0.05) between group 1 and 2, and between group 1 and 4
only. The percentage inhibition in group 2 treatments on day
7, 14, 21 and 28th were 27.5, 38.7, 50 and 51.3 respectively. No
inhibition of the enzyme activities observed on day 28th in
group 4, while in group 5, inhibition stops on day 21sttest media (chronic test) of C. gariepinus exposed to different
Turbidity(mg/L) Alkalinity (mg/L) Hardness (mg/L)
Mean ± SD Mean ± SD Mean ± SD
0.20 ± 0.04 18.00 ± 0.72 30.20 ± 2.15
0.25 ± 0.06 17.60 ± 0.42 30.12 ± 0.15
0.20 ± 0.02 18.10 ± 0.36 30.19 ± 1.13
0.23 ± 0.06 17.00 ± 1.20 31.32 ± 1.50
0.22 ± 0.03 17.63 ± 0.12 31.40 ± 1.10
0.20 ± 0.02 18.30 ± 0.10 30.00 ± 0.21
tract.
tract.
tract.
Fig. 1 e Activities of Acetylcholinesterase (U mol/min/mg protein) in the brain of C. gariepinus exposed to different
treatments on day 7,14,21 and 28th. Group 1: De-chlorinated water only; Group 2:0.16 mg/L glyphosate formulation only;
Group 3: 350 mg/L of extract of G. kola seeds; Group 4: 0.16 mg/L glyphosate formulation and 150 mg/L G. kola seeds extract;
Group 5: 0.16 mg/L glyphosate formulation and 250 mg/L G. kola seeds extract; Group 6: 0.16 mg/L glyphosate formulation
and 350 mg/L G. kola seeds extract.
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4.1. Water quality parameters
The physicochemical parameters were almost uniform all
through the study irrespective of the treatments, duration and
the organisms and were within the desirable range of fish
culture (FEPA, 1991; Campbell, 1978; WHO, 2006). The non
significant changes in the water parameters of various
experimental media reported in this study showed that the
acute and sub lethal concentrations of glyphosate formulation
did not adversely lead to reduction in water quality where
slight changes were observed.Fig. 2 e Activities of Acetylcholinesterase (U mol/min/mg protein
on day 7,14,21 and 28th. Group 1: De-chlorinated water only; G
350 mg/L of extract of G. kola seeds; Group 4: 0.16 mg/L glyphosa
0.16 mg/L glyphosate formulation and 250 mg/L G. kola seeds e
350 mg/L G. kola seeds extract.4.2. Mortality
No death and nomorphological changes were observed in the
control and chronic toxicity test. This indicates that the
mortality recorded in the acute test was as a result of the
concentration of the pesticide. Prior to mortality, there was
uncoordinated movement with reduced activity evidenced by
vertical positioning, curling of spine and vertical movement of
the fish, whichmay probably be due to the loss of equilibrium.
All these observations weremore pronouncedwith increasing
concentrations of toxicant. Consequently, the percentage and
number of survivors decreased with increasing concentra-
tions of toxicants in water. The mortality pattern may be
attributed to the injuries on the skin caused by progressive) in the liver of C. gariepinus exposed to different treatments
roup 2:0.16 mg/L glyphosate formulation only; Group 3:
te formulation and 150 mg/L G. kola seeds extract; Group 5:
xtract; Group 6: 0.16 mg/L glyphosate formulation and
Fig. 3 e Activities of Acetylcholinesterase (U mol/min/mg protein) in the serum of C. gariepinus exposed to different
treatments on day 7,14,21 and 28th. Group 1: De-chlorinated water only; Group 2:0.16 mg/L glyphosate formulation only;
Group 3: 350 mg/L of extract of G. kola seeds; Group 4: 0.16 mg/L glyphosate formulation and 150 mg/L G. kola seeds extract;
Group 5: 0.16 mg/L glyphosate formulation and 250 mg/L G. kola seeds extract; Group 6: 0.16 mg/L glyphosate formulation
and 350 mg/L G. kola seeds extract.
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ganism's resistance and the immune system. Fish mortality
was found to significantly increase (p < 0.05) with exposure
duration and increase in concentration. High mortality
recorded in tests with the highest concentrations of 2.50 and
3.50 mg/L within short term of exposure may be due to
increased energy demand of detoxification processes as
described by Wiegand et al. (1999).
AChE is an important enzymes needed for the proper
functioning of the nervous systems of vertebrates and insects.
Therefore, measurement of its activities in tissues and organs
has been recognized as the standard procedure for post
mortem diagnosis of lethal poisoning by anti-cholinesterase
chemicals (Walujo and Frederick, 1991). Luke et al. (1975) re-
ported that 20% inhibition of brain AChE indicated exposure to
chemicals such as pesticide, while inhibition of 50% indi-
cated death from poisonous substances. The effects of
cholinesterase inhibition include but not limited; bradycardia,
hypotension, hypersecretion, broncho constriction, gastro
intestinal tract hypermotility and decrease intraocular pres-
sure and actions on the neuromuscular junction will result in
prolonged muscle contraction.
The toxicity of organophophate and carbamate pesticides
toward AChE has been extensively studied both in insects and
vertebrates (Haubruge and Toutant, 1997; Bocquene et al.,
1995), however, antidote prospect using therapeutic has not
been seriously investigated in fishes and other aquatic or-
ganisms except in natural condition where the insecticides
was discontinuous (Dembele et al., 1999). The mode of action
of these insecticides is to phosphorylate or carbamilate AChE
(Fleming, 1981). This results in the increase of acetylcholine
levels at the nerve synapse causing continual stimulation of
the fibers and eventual failure of nerves to repolarize
(Dembele et al., 1999).
Data of the present study revealed dose-time dependence
and organ specific of glyphosate formulation-induced inhibi-
tion of cholinesterase in C. gariepinus tissueswith themaximal
inhibition occurred on day 28th. The pesticide inhibited the
activities of the enzyme in all the tissues examined. This could
be attributed to a decrease in gene transcription, translationthat enhances cholinergic activity, thereby improving cogni-
tive function especially unconscious mental activities
(Shahidi et al., 2008). The inhibition of AChE activities in brain,
serum and liver of C. gariepinus in this investigation is in
accordance with that recorded inbrain of Cyprinus carpio
exposed to dimethoate (Satyadevan et al., 1993), in brain of
Oreochromis niloticus exposed to malathion and bayluscide for
30 days (Danasoury et al., 1997), in brain andmuscle of Chinook
salamon exposed to chloropyrifos for 96 h (Wheelock et al.,
2005), and in brain, serum and liver of O. niloticus exposed to
malathion (1.75 mg/L),lannate (0.65 mg/L) and phenol (9 mg/L)
(Nahed, 2006). These results also agreed with those of Kuhn
and Streit (1994) on invertebrate.
High inhibition (83.8%) observed in brain tissues of C. gar-
iepinus in this investigation could be detrimental to the fish
health. Coppage et al. (1975) reported that inhibition of brain
AChE in the range of 70e80% is critical to fishes, as it causes
jerky movement in the fish treated with the enzyme inhibitor.
Comparatively higher inhibition was also observed in brain
tissues (95%) of monocrotophos exposed Oreochromis mos-
sambicus (Venkateswara, 2004). Similar observation in AChE
inhibition in fish tissues were reported in fish exposed to
chlorpyrifos and profenofos (Jeyarathi Shanthi and Jebanesan,
2001; Kumar and Chapman, 1998; Venkateswara et al.,
2003a,b).
The activities of the enzyme was overwhelmed by the in-
hibitor at a low dose of the G. kola seed's extract and tissue's
responses differs, but improved as the concentrations of the
extract increases. This showed that, the restorative mecha-
nism of the plants extract is dose, time dependent and organ
specific. Similar findings were reported when natural thera-
peutic agents were used to treat neurological disorder such as
memory dysfunction and cognitive deficits with medicinal
plants and nutrient supplement (Joseph et al.,1999; Shukitt-
Hale et al., 2008; and Durairajan et al., 2008). These findings
demonstrated that glyphosate formulation induces an inhi-
bition of brain, liver and serum cholinesterase activities in the
conscious fish and apparently fully reversible in G. kola seed's
extract treatments. An indication that the plant seed extract is
a reliable antidote for anticholinesterase agents.
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This is the first study that assesses the antidotal prospect of G.
kola on inhibitedAChE. Herbs for acetylcholinework in several
ways. Some adhere to acetylcholine receptors and stimulate
the neurotransmitter, thus increasing its activity. Others
inhibit AChE, which breaks down acetylcholine. By stopping
the breakdown of acetylcholine, more of it is left between
nerve cells, increasing its levels and duration of action. The
enzyme catalyzes the hydrolysis of acetylcholine to choline
and acetic acid. These are reabsorbed and used as raw mate-
rials for the continued acetylcholine productions. From this
investigation, G. kola benefits may hold out Cholinesterase an
important enzyme needed for the proper functioning of the
nervous systems of humans, other vertebrates, and insects
(Carlock et al., 1999). The plant's extracts normalize the
secretion of acetylcholinesterase, so as to stabilize the con-
centrations of the neurotransmitter acetylcholine, for effec-
tive and efficient flows of signal. As more scientific studies are
undertaken, it is possible thatG. kolamay be an important part
of health maintenance and disease prevention that is pre-
scribed by doctors in the future. Conventional therapies use
drugs to increase acetylcholine for treating diseases such as
glaucoma, Alzheimer's or myasthenia gravis. Further study is
needed on the recovery potential of this plant seed's extract on
other aquatic organisms and mammals, and on how plant
that provide food for the aquatic organisms could be protected
from glyphosate and other pesticides using plant products.Appendix A. Supplementary data
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